INTRODUCTION

F
utsal, the Fédération de Internationale Football Association's officially recognized five-a-side indoor soccer, is a physically demanding intermittent sport that, because of the unlimited substitutions permitted, has a high-intensity energy demand during match play and is fast moving from the spectator's perspective (3, 4, 6, 7, 9) . Futsal was introduced to Australia in 1972 and although the Australian men's national team has participated in all but one Futsal World Championship, futsal remains an amateur sport in Australia with 30,000 registered players (8) . Because futsal is a developing sport in certain countries with more than 12 million players across 100 countries (9) , a detailed understanding of the physical requirements would certainly aid in the improvement of performance. There are currently few studies reporting the match demands of futsal; however, those small number of studies have provided a greater understanding of the player loading and intensity requirements of athletes during match play (2) (3) (4) 7) .
The identification of key performance aspects is important because it potentially affects various aspects of the game, namely, training methods. Time-motion analysis provides an objective assessment of player demands and enables researchers to calculate the distance covered by a subject in a given sport, the time spent, and the frequency of various match and movement actions and to determine movement patterns and work-rate profiles, the apparent onset of fatigue, and an estimate of the fitness of the subject (3, 4, 11) . This method of analysis has been used in a wide variety of sports including basketball (1) , field hockey (14) , rugby league (13) , and soccer (5, 11) ; however, match characteristics and skill components are not accounted for in a time-motion analysis.
The purpose of this study was to establish a comprehensive overview of the demands of futsal by quantifying and comparing the activity patterns of subelite and elite level Australian futsal athletes during match play. A time-motion analysis of rugby league demonstrated that differences exist among physical performance characteristics of semielite and elite athletes (13) . With no national futsal league currently being played in Australia, the New South Wales Premier League is the highest level of futsal competition, with several players participating in the competition also being members of the Australian National Team. Of the available research, no previous futsal study has conducted a time-motion study comparing different levels of competition. This study, therefore, has the potential to determine the differences between the 2 levels of competition in futsal, enabling training programs to be designed targeting specific areas of physical performance. It should be noted that this study assessed movement patterns of futsal athletes, and although there may have been differences between match skills such as passing success, these were not examined.
Because of the differences in timing of the matches, it was hypothesized that the Australian national (elite) players would cover a greater total distance, particularly in highintensity activities, and perform a greater number of movement activities than the State League (subelite) players during match play. However, when expressed as a percentage of overall duration, it was hypothesized that the elite players would spend a greater proportion of time in high-intensity activity than the subelite players.
METHODS
Experimental Approach to the Problem
To assess the differences in match play between elite and subelite futsal players, a time-motion analysis was conducted during match play with a comparison of distance, duration, and frequency values. Actual raw values were converted into relative values and normalized for total match duration, to allow an accurate comparison, taking into account the differences in timing of the matches.
Subjects
A total of 18 male futsal athletes participated in this study, from a New South Wales State League Team (n = 10; age, 15-19 years; height and weight unavailable) and from the Australian National Team (n = 8; age, 25.5 6 3.8 years; height, 1.76 6 0.07 m; and weight, 74.8 6 4.7 kg). These teams were selected for this study because they were a representative sample of subelite and elite Australian futsal players, thereby permitting a comparison between levels of performance in Australian futsal. Players were only studied if they played in both of the matches that were analyzed for each level and participated in a considerable part of each match (minimum match time of 10 minutes). No goalkeepers were included in the trial. Players were only studied if they played in both of the matches that were analyzed for each level and participated in a considerable part of each match (minimum match time of 10 minutes).
Informed consent from both teams was obtained before conducting the study. The University of Technology, Sydney, Human Research Ethics Committee approved the methodology and procedures used in this study.
Procedures
For each match assessed, match activities were monitored by means of video recording. Two digital video cameras (Panasonic, Osaka, Japan, and JVC, Yokohama, Japan) were set up, both equipped with a fish-eye lens, allowing for each camera to cover one-half of the futsal court. All matches were played at the same venue or a venue with the same court dimensions, thereby eliminating any potential differences that may arise from different court dimensions. The cameras were placed 10 m away from the sideline, approximately 2 m either side of the half-way line, and 10 m from ground level on the sideline of the court. Both cameras were set up on tripods 1.5 m high and angled inward, consequentially providing a camera height of 11.5 m above the playing surface.
All players were tracked in both matches, for the duration of each match consisting of two 20-minute halves. It should be noted that the timekeeping for the international matches only included times when the ball was in play, therefore the matches were approximately 80 minutes in duration, whereas the State League timekeeping began at kickoff and ran for 40 minutes, with only halftime and time-out breaks excluded from the clock time.
The video footage from the matches was transferred onto videotape to enable postmatch analysis. Because 2 cameras recorded the matches, 2 television sets were required. The television sets were placed side by side, and the matches were played and timed to allow the game to be viewed as it was played. A computer program called ''Event Recorder'' (KB Technologies, Sydney, Australia) was used in this study. The identification of the speed of each movement activity was determined by the subjective view of one trained and experienced observer, after having established the reliability and validity of the use of the Event Recorder for notational analysis. This was achieved by comparing values derived from the Event Recorder with known distances on a marked out course, replicating 10 minutes of futsal movement patterns (unpublished data). Notational analysis of movement activities for the participants was carried out considering the following categories: standing (0 mÁs ), which included jockeying an opposing player. The movement activities were later divided into either low-intensity activity (those under 5 mÁs 21 such as standing, walking, jogging, and sideway or backward movement) or high-intensity activity (those over 5 mÁs 21 such as running and sprinting). The movement velocities used to delineate between movement activities were also based on the velocities selected from the methodologies of several researchers in other team sports (3, 4, 7, 11, 14) .
The use of one researcher conducting the analysis eliminated any interindividual variation in the measures. Each movement activity was timed to 0.1 seconds, and the total duration for each activity was calculated. Such an analysis further permitted the calculation of the frequency of the number of times each movement activity was performed by each individual player. Furthermore, the total distance covered in each movement activity was calculated using the total duration of each activity by the speed assigned to it. In addition, by dividing the total duration or distance of a movement activity by its frequency, the average effort duration and distance of each individual activity performed, respectively, were calculated. The activity profiles of the players were then defined as functions of the first and second halves of the game. These variables provide an idea on the physiological demands of the game, including changes in intensity and work rate. This information can be used to alter training programs as necessary, thereby improving match performance.
Statistical Analyses
The Event Recorder program used to track movement patterns was deemed to be reliable, with a technical error of measurement of 2.7% for distance and 3.3% for duration (unpublished data). After the data reduction of the match analysis, independent samples t-tests were performed using SPSS version 16.0 between the data obtained from the elite team and the subelite team. These tests were designed to assess differences in overall performance on the dependent variables including total distance covered, total duration, total frequency, average effort distance, and average effort duration of movement activities. Significance was set at p # 0.05, with descriptive statistics for all variables reported as mean 6 SD.
RESULTS
Because of the differences in the timekeeping of the matches, whereby the total length of the international matches was approximately 80 minutes and the State League matches were 40 minutes, the data were analyzed as absolute scores (raw data) and relative scores (relative to total distance, time, and frequency) to enable delineation between the 2 teams.
The elite team covered a 42% greater total overall distance than the subelite team (4,277 6 1,030 vs. 3,011 6 999 m, respectively), which was significant (p = 0.02). Both teams covered a greater, although nonsignificant, distance in the first half compared with that in the second half of the match, with a decrease of 10.8% in distance covered for the elite team and 2% for the subelite team. In addition, the elite team covered a 58% significantly greater jogging distance (p = 0.03) and a 93% significantly greater sideway or backward distance (p , 0.01) than the subelite team. The raw data for the individual movement activities for both teams can be found in the Table. There were no significant differences between the teams for any of the relative distance variables, as can be observed in Figure 1 .
A significant difference was evident between the teams for overall playing time (p = 0.04), with the average player playing 1,852 6 466 seconds (30.4 6 7.77 minutes) for the international match and 1,384 6 411 seconds (23.1 6 6.85 minutes) for the State League match. When considering total match duration, the average elite player was on the court for 38% of the game, whereas the average subelite player was active for 58% of the game. Furthermore, the elite team exhibited a 593% greater overall raw standing duration (p = 0.04) and relative standing duration (p , 0.05) than the subelite team. The elite team also produced a 54% greater raw jogging duration (p = 0.03) and a 93% greater raw sideway or backward duration (p , 0.01). The raw values for both teams are presented in the Table, with relative values presented in Figure 2 .
A total of 468 6 77 movement activities were performed by the elite team, with 249 6 54 performed in the first half and 219 6 40 in the second half. The subelite team performed a total of 306 6 81 movement activities throughout the game, with 148 6 44 of these performed in the first half and 158 6 57 in the second half. This equated to a 12% decrease in movement activity transitions in the second half for the elite team and a 7% increase for the subelite team. Furthermore, it was observed that the elite team performed a change in activity every 9 seconds, or 6.7 different activities each minute, and the subelite performed a change in activity every 8 seconds, or 7.7 different activities per minute. Several significant differences were observed within the raw frequency variables, where the elite team performed a greater number of standing, jogging, running, and sideways or backward activities than the subelite team, which can be seen in the Table. The relative frequency values for both teams can be seen in Figure 3 , although no significant differences were detected.
A summary of the average movement effort distances and durations can be found in the Table. It was observed that the elite team covered 22% less distance and spent 22% less 
DISCUSSION
This study is the first to conduct a time-motion analysis comparing 2 levels of futsal competition. The significant differences evident in the present study were most likely caused by the differences in the duration of the game, where the international matches totaled approximately 80 minutes and the State League matches totaled 40 minutes. For this reason, relative data were analyzed and reported to enable an accurate comparison of results between the teams. Interestingly, there were no significant differences between the teams for any of the relative data, with the exception of standing duration where the elite team exhibited a greater value than the subelite team. There was a tendency for more walking by the subelite team than the elite team, and there was a trend for the elite team to perform a greater distance, duration, and frequency of sideway or backward movement than the subelite team. This may be a choice of tactics by elite athletes, whereby jockeying or tracking a player is more efficient than high-intensity runs. It is also possible that, without taking other factors into account such as ball-specific skills and the influence of the opposition, Australian futsal players perform similar movement patterns at the subelite and elite levels, hence the absence of any differences between the relative data. Previous studies investigating the movement patterns of futsal have been proved valid and reliable (3, 4, 7) . Although there are slight differences in the methodologies used, the similarities warrant a fair comparison between these studies and the present study. In congruence with the hypothesis, the present study demonstrated that the elite team covered a significantly greater total distance than the subelite team. The total distance covered for both teams remained in accordance with previous futsal studies ranging between 2,575 and 4,313 m (3,4). Both teams experienced a nonsignificant decrease in total distance covered in the second half compared with that in the first, whereas previous futsal studies have demonstrated an increase in the distance covered (3), which may have been because of a longer second-half duration than the first, with players walking during breaks in play. The elite players may have been standing during breaks in play, and because the State League matches did not include breaks in play in the total match time, the decrease in distance may be attributed to fatigue. In a comparable study, the physical demands between a semielite and an elite rugby league teams were found to be similar, with higher physical demands placed on the elite players during the first half of the match, potentially causing a reduction in physical performance in the second half (13) . It was hypothesized that the elite players would spend a greater proportion of time engaged in high-intensity activity than the subelite players. This hypothesis is not supported because there were no significant differences in either the raw or the relative data for running or sprinting. Furthermore, the elite and subelite futsal players covered a reduced sprinting distance, both in raw and in relative values, compared with professional Spanish futsal athletes (76-106 vs. 349 m; 2.5-8.9%) (3) . Despite the potential methodological differences between studies, this may have implications for performance of Australian futsal players at the international level.
The elite players tended to increase the low-intensity activity distance covered in the second half of match play and decrease the high-intensity activity distance covered, which is similar to previous futsal studies (3). This may have been because of the tactics involved at different levels of play or because the elite players have more experience in the game compared with the subelite players, perhaps conserving energy, particularly toward the end of the match. Naturally, match outcome is a primary determinant of the intensity exhibited during futsal match play. A close match undoubtedly results in a higher relative intensity toward the end of a match, with a large points margin potentially leading to a reduction in intensity. Within the limitations of the current study, intensity output was not examined with reference to progressive match status; however, this is one area for future research, similar to the analysis conducted by Rampinini et al. (12) .
Average court velocity of 139.8 and 130.1 mÁmin 21 was calculated for the elite and subelite teams, respectively, and this result was not significantly different. Professional Spanish futsal athletes achieve an average court velocity of 117-121 mÁmin 21 (3,7), which may suggest that Australian athletes play at a greater intensity, despite the apparent differences in the distance covered by sprinting. Within the limitations of the current study, Australian male futsal athletes seem to cover a greater distance during match play than their Spanish counterparts. Furthermore, Australian players sprint for less than 1% of the total match time, which is less than that seen in professional Spanish futsal of 5% (7). Potentially, Spanish futsal athletes rely on skill rather than on distance covered or adopt an alternate technical and tactical approach for superior performance. This could be influenced by methodological differences or individual coaching style, which inherently determines these types of results. Unfortunately, such a comparison is beyond the scope of this article.
The present study also demonstrated that the elite players performed a greater number of movement activities than the subelite players. This result was in congruence with the hypothesis and was anticipated because of the greater time on the court. Furthermore, the elite team covered an average distance of 13 m per sprinting effort over 1.9 seconds, which is similar to that seen in professional Spanish futsal of 10.5 m over 1.95 seconds (7). Additionally, it was revealed that futsal athletes in Australia perform a change in activity every 8-9 seconds. The frequency of each movement activity in relation to number of times performed per minute and occurrence of each activity have been previously reported for futsal, demonstrating that low-intensity activities are performed 4.31 times per minute of match play, 1.64 times for mediumintensity activities, 1.46 times for high-intensity activities, and 1.17 times for maximum-intensity activities (4) . This equates to a change in activity every 7 seconds, suggesting that Australian futsal athletes engage in fewer changes of movement activities than their Spanish counterparts. Such results may be because of the Spanish athletes' greater experience and participation in a higher intensity of match play. Alternatively, this may also be because of the differences in methodologies across time-motion analysis research. This is an area for further investigation using standardized intensity categories between different nationalities.
In relation to the average effort distances and durations, the elite team spent a significantly greater average duration for each standing effort than the subelite team and averaged a lower distance and duration for each walking effort. Once again, this was because of the differences in the timing methods between levels of play. However, both teams covered less average walking effort distance and duration than that reported in previous futsal studies (4) . Furthermore, the elite team tended to cover a greater distance and duration with each sprinting effort than the subelite team, and although this was not significant, it was concurrent with the hypothesis that the elite team would spend a greater distance and duration in high-intensity activities than the subelite team. It can be suggested that in futsal, low-intensity activity encompasses most of the match-play duration because of the need for recovery from high-intensity activity (2, 4, 7) . These results also support previous reports that higher levels of competition result in higher match-play intensity (12) .
Based on the apparent reliance on recovery during futsal, it is essential that the development of a superior aerobic capacity is a priority in training (15) . This may assist in delaying the onset of fatigue in the second half of match play, allowing athletes to maintain a high-performance intensity throughout the duration of the game, in addition to performing a greater frequency of movement activities. Such an allowance may permit enhanced recovery between work periods (14) . A superior aerobic capacity may also result in an enhanced potential to cover a longer distance at a higher intensity during match play and a greater involvement in the game (10) . Furthermore, because high-intensity activity and repeat sprint ability are major determinants for successful performance in team sports, including futsal, this should also be made a priority in training (14, 16) . These training principles become even more important for subelite players making the transition to elite futsal. Although no significant differences were detected between the teams for relative data, the longer match duration in international games results in a greater distance covered and greater physiological demands on individual players.
PRACTICAL APPLICATIONS
During futsal match play, most of the distance covered by Australian players consists of low-intensity movement activities. Elite players cover a greater overall distance than the subelite players because of attaining a higher average match-play velocity and the extended game duration. Futsal athletes tend to decrease the overall distance covered in the second half of a match compared with that in the first half because of the onset of fatigue from this high-intensity intermittent sport. At higher levels of competition, there may be a need for more recovery because of the elevated intensity of the match.
